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(54) TlUe: A METHOD OF USING WASTEWATER SLUDGE IN THE PRODUCnON OF CONCRETE 




O (57) Abstract: A method of using wastewater sludge in the production of concrete comprising mixing cement, aggregate and waste- 
2 water sludge to form a concrete mix in which the additional step is carried out of mixing the wastewater sludge with an alkaline 
^ solution to achieve a wastewater sludge and alkaline solution mixture having a pH equal to or in excess of 11. 5 prior to mixing with 
the aggregate and cement. Such a method is a simple and efficient method of producing ready usable concrete and will not require 
expensive sterilisation steps such as heat or radiation treatmMit. The wastewater sludge is disposed of in an environmentally friendly 
^ manner and will not undergo incineration or have to be dumped at sea or landfill. 
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"A method of using wastewater sludge in the production of concrete" 
Introduction 

5 This invention relates to a -meBiod of u^ng weetswater sludge m tfie producBon of 

cono-ete. 

Nowadays, people are looking at finding ways of recyding their refuse in a more, 
environmentally friendly nranner. One of the main sources of pollutant is wastewater 

10 sludge which covers a variety of sutelances ranging from raw sewage sludge 
containing human or animal waste and faecal matter, to waste products created by 
industry. Wsstewater sludge com^ in iriany fonns including wastewater sludge, 
sludge cake and dried sludge cake. Predom'mantiy though, the wastewater sludge to 
which this invenfion relates is a wastewater sludge having a high water content in the 

15 region of in excess of 80% by weight of the wastewater sludge. That is, a sludge 
having a high proportion of water content by weight as opposed to normal household 
waste or the like v/hidh typically contains a high percentage, in the region of 90%, by 
we^lit of diy solids. This wastewater sludge must be disposed of In as 
environmentally frfendty a manner as posaUe, whDst also being disposed of in as 

2 0 envDonmentally secure a manner as possible, 

Un@ now, the most popular meffiods of t^possd have been to dunrq> wastewater 
sludge at sea or to send the wastewater sludge to landfill. AnoSier popular method of 
disposal is to subject the wastewater to a blofoglcal process whereby the BquM and 
25 solids are separated before treating the liquids to extensive biotogical processes for 
subsequent recyding. The aaTids ttiat have been separated off are usually mdnerated 
or sent to tandfDI. However, these metfiods are becoming less viable as'IandfQI space 
deaeases and concern ov^ dunrqsing at sea 'mcr^ses. 

30 Anolh^ mettuxl involves fhe IndneraBon of the wasteniwater siud^ at temperatures in 
excess of 12000C. This involves the constniction of expensive spedally dedicated 
plants and has further raised concems relating to air poOutante emitted from these 
plants. There Is also produced a by-pnoduct from flie indnenation tbat must be 
disposed of by way of kindfiO or sea dumpnig. 
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One Of the most problematic types of wastewater sludges to handle are those having a 
high water content by weight, as the water Ifeelf is contaminated and must be handled 
appropriately. The treatment of «iese types of wastewater s&tdge has heretofore 
5 Included either the expensive incineration steps or the biological processes mentioned 
atjove so ttiat the soHd and liquid matter can be treated separately. Botii of these are 
expensive particuterly when dealing witii sudi large volumes of high water content 
vrastewater sludge such as that produced in industry. This excess water must be 
disposed of in an environmentally secure and friendly manner while still remaining 
10 feasible from a cost perspective. Previously, high water content wastewater sludge 
was pumped offshore but this practice has become more and nnore unacceptable. 

Various attempts have been made to uUUse ftxe sludge as ferfiBsers and the Bice, 
although this usage is nmited by govemmerital regulation and such use only accounts 

15 for a small percentage of the wastev\^r sludge produced. Before flie sludge may be 
used as a fertifi^r it must undergo composting which entails the decomposition of 
sewage ^Udge uraf ^ appropriate coridifions of moisture, temperature, volatile soOds 
content and in the presence of oxygen by microorganisms. This is quite lengthy and 
tin^ consuming. 

20 . 

Other uses of the sludge have also been proposed such as thai described in British 
Patent No. 2,256,862 (British Gas Pic) vvhich teaches a method of producing concrete 
containing sewage sludge ash which is the vwaste by-product subsequent to 
incineration of the sewage. This sewage sluc^e ash is used as a substitute for more 
25 exp&ns»ie aggregate and is found to have good bond^g duiracleristics. However, 
this involves the expensive incineration step to produce the sewage sludge ash which 
further increases Vne total cost of producing ttie concrete and disposing of flie 
wastewater sludge. 

30 Unted States Patent Number 3,801 ,358 describes a method of making concrete us&ig 
raw sewage and refuse. Orwe the concrete has cured, it impregnated wUi a 
monomer and ttien heated or subjected to radiation to cause polymerisation^ This vtfBI 
help to waterproof the concrete as well as improving sterilisation of the concrete. In 
order to fadntate inpregnation of tiie nnonomer, the concrete block is pteided in a 
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vacuum and thereafter ttie concrete block is allowed to soak In the monomer for a 
period of tima This is a complex process that requves expensive «iuipment to 
produce the concrele blocks. Furttermoie, each oonoreie btodc takes a ^gniftcant 
period of time to make. 

5 

WO 90/15205 also describes a building element in whidi the main constituents 
comprise cemer^ waste ^udge and fat>re ingrecBents sutti as wooddiip. In order to 
avoid direct contact with the building element, it is advised that the blocks shouM be 
ptestered both inside and out In order to stabilise a stnjcture built with these building 

10 elements, regular concrete must be poured Into ittie blodcs cavity, the strength of the 
buihfnr^ element bemg r^aSvety rmderate. The applicant describes how the bloclcs 
are subjected to compression for a treatment period of 24 hours. Again, these blocks 
will take a significant period of time to make and require coating wHh a plaster to 
render the blocks suitable for contact 

15 . 

Frendi Patent No. FR 7338465 describes a method of producing construction 
elements from household waste, agricultural waste or forestry waste. ITie waste is 
subjected to extensive prelinrunary treatments including dehydration, fifagmentation and 
cnsho^ until a rather coarse aggregate supplement havirig a particle size, of in the 

20 region of 3 - 4cm is produced. This dry solid nraterial is ttien mixed with quicWime in 
order to quickly decay any oiganic or vegetation material present in the wasto. Further 
aggii^ate, cernent and water are added to the waste material before the mixture is 
press moulded to fiimnttteoonstrucSon material. The problem vnth this type of method 
is that extensive pre-conditbning steps sudi as modng and grinding must be carried 

25 out prior to the pioducSon of the building element which are both expensive and time 
consuming to carry out furthemnore.. the waste is househoM waste which is 
precfonnnan8y sc^ds to sfert off With and ttterefore the problems assodated witti 
having to treat predominantly liquid wastewater sludge are not encountered. Due to 
the fact that the baste materia) used in the productton of the construction element are 

3 0 partteles 3 - 4cm In size, the strength of the constaidion element may be compromised 
and a fuitho- eaqpensve compresabn mouUIng slep must be carried out to form -tt>e 
construction element which is highly disadvantageous. This patent does not suggest 
how Industrial and other types of wastewater skidges tiaving a high vrater content may 
be handled. 
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Heretofore, there has not been pfovided a nrtethod of using wastewater sludge In 1 
production of concrete that win provide a concrete that is ready to use that wfll i 
requHe coving the concrete witti piaster or sub^c6ng the concrete to radiation 
5 other such treatment in order to render the concrete suffidentiy sterile to u 
Furthennore, there has not yet been provided a method that can handle predominar 
nquid wastewater sludge in a safe and effecBve manner that is still cost effective 
cany out, the m^od not requiring s^nificant dehydraikm steps prior to the product 
of the construction element and thereafter requiring further moulding or post mix 
10 teatmente. 

It is an object, therefore, of the pr^ent invention to provide a method of us 
wastewater sludge in the production of concrete that overcomes at least some of ■ 
problerrre mentioned above and that is inexpensive and .satisfies the environmer 
1 5 requiremente for disposal of wastevrater sludge. It is a further object of the inventior 
provide a nrethod of u^ig vtfastewater sludge, and in particular wastewater slue 
having a high v«^er content, in the production of concrete that requires the absol 
minimum number of treatment steps and does not require any expensive dehydrat 
of the wastewater prior to commencement of the method. 

20 

Statements of Invention 

According to the Invention, ttiere is provided a method of using wastewater sludgt 
the production of conaete comprising mi)dng conent, aggregate and w^tews 

2 5 sludge to form a concrete mix ^aractarised in that:- 

fhe additional st^ is carried out of mixing the wastewater sludge > 
an alkaline' solution to achieve a wastewater sludge arKi alka 
soluKon mbdure havii^ a pH equal to or in access of 11.5, prio; 

3 0 mixing vwth the aggregate and Vne cement. 

By using this mettiod, the invention obviates the need for expensive indneration st- 
or furttier pre-treatment steps, and utilBes untreated raw wastewater sliKJge in 
concrete. The concrete can then be used as a building product and thus avoids 
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need for having to send the wastewater sludge to landfQI. Furthermore, by adding an 
alkaline solution to the wastewater sludge, there Is no need to provide further . 
silermsation steps such as subJecSng the concrete to heating or ladialion. The. 
concrete provided will furthermore not. have to be covered in piaster to render it safe. 

.5 . By premixing the wastewater sludge with an alkaline solution to fomi a wastewa^ 
sludge and alkaline solution mixture prior to miwng with the aggregate and flie cement, 
the alkagne solution is put to best effect to ^ on the wastewater sludge and 
neutralises the harmful substances corrtained therein. This enhances the efficiency of 
the alkaline solutiori which is therefore required in lesser amounts. By achieving a 

10 wastevrater sludge and alkaline solution mixture having a pH equal to or in excess of 
1 1.5 a veiy h'^h degree of steri^atkm ^ Sieved sufRciant to render flie wastewater 
sludge accepteible for use in the production of concrete. Therefore, both an 
environmentally friendly and economteally ef^dent method Is provided. 

15 EssenfiaBy there provide^ a very simple irwenfionl The previously known methods 
of UOTig wsstewater sludge in the production of concrete have required elaborate and 
often relalively expensive processes to render the concrete suitable for use. The 
problem of providing a concrete that is ready to use that win not pose a contamination 
risk is solved by the invenitondescitied above. i=uittieimore, Oie problem of having to 

2 0 provide expensive machinery and lengttiy sanitising steps are obviated by the solution 
provkled. 

lnoReembod&:nentoftheBriverition,^alk£^sotutionisaTO Ithas 
been found that a concrete hardener iriay act as the alkaline solution and kill bacteria 
25 present in ttie concrete mixture. Furttiermore, the concrete hardener will help to 
harden the concrete nrnxture In due course and wiD not have a detrimental effoct on the 
quality of the concrete produced. 

In anottier embodiment of tiie invention, tiie alkaline solution has a pH of between 
30 12.5 and 14. Preferably, flie alkaline solution has a pH of between 13.5 and 14. This 
wiB help to tssse the pH level of the concrete nOxtwe produced and wiH further bnprove 
the kill of bacteria in ttie wastewater sludge. The bacteria win be killed off In a very 
short perkxJ of time, thereby obvrating the need for extensive storage times and further 
steril^on technkiues. 
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In a further embodiment of the invention, a bonding agent is added to tiie ccmcrete 
mix. By adding a bonding agent to the concrete, there win be provided better adhesion 
of ttie ccmponwit parftfes in the conarete. Preferably, the bonding agent used is 
5 carboxytated styrene butadiene all^ali and will have a pH level in ttie region of 8 and 
1 1 . This win further help to improve ttie pH level of the concrete mixture. 

In one embodanent of the invenfon, the wastewater sludge is fn the form of dry sludge 
cake and water is added to the dry sludge cake, prior to the misdng of flie sludge with 
10 the cement and the aggregate. By adding water to the virastewater sludge, the correct 
amount of water will be present to produce a uniifomi concrete each time, tfiereby 
ensuring good quaB^ OHicrete eadi time. Preferat^, suffident water is added to the 
vtfastewater sludge to bring th& water content of the diluted wastewater sludge to 80%. 
or more water by weight 

15 

In another ernbodiment of the irwenfton, a poVrne^ 

The polymer will further act as a bonding agent to the concrete providing improved 
adhesion properties to the concrete's components. 

20 In a further enibodinient of the invenfion. the concreted 

and 6 months. By storing the concrete for a sufficient period of tinrie, the concrete will 
be able to set which wiD further ensure that aH bacteria are killed off and that the 
concrete adheres to health and safbly stendards. 

25 In one embodonent of fl» inyemBon, the aggregate comprises one or more of grey 
wacke stone, sand, sandstone, gravel, limestone, crushed shale, crushed seashells, 
penal, kiln dried sand, grit, pulverised fuel ash, slag frorn steelworics, qutoMimeand 
receded crushed concrete. Preferably, the aggregate vwB comprise limestone which is 
seerv as particul8yriy useful, to produce a robusti strong concrete. The ^nestone 

30 furthermore has a suitable pH value to further sleriBse the vwastewater sludge when 
being used in the production of concrete. 

in a further enrdndtrrent of the invenfion mete ts provkied a meHiod of using 
wastewater sludge in the production of concrete . in which additional cement is used 
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inst^d of aggregate in the concrete mixture. Thte ma/ in some instances t>e more 
eoononucai than providing further aggregates whSst also providing a useable concrete 
rrdxturs ttiat contains a high content of wastewater sludge. 

5 In another embodiment of the invenfon, a detergent is added to the concrete mix prior 
to curing. By providing flie detergent, iiirther bacterial Mil may be achieved, again 
provki&Yg a concrete stntabte for use in goods aiKi products tfiat corifbnfn to 
safety standards. 

10 In a furtlier embodiment of the invention, tiie alloli solution added to the wastewater 
sludge is Sika [Registered Trade Maik (RTM)]. This is seen as particulariy useful as 
Sika is both inexpensive and eftective in its function. The active ingred'^nts of the 
.strong alkali preferably include one or more df potassium hydroxide, sodium aluminate 
and potassium carbonate. AltemaBvely, instead of using Potassium Hydroxide to 

15 stabilise and stenTise tfte wastevrater sludge, Sodium Hydrosdde, Caldum Hydro)dde or 
Barium Hydroxide could be used. R Is envisaged thai the aRcaB selutton couW 
comprise an electrically charged (tonised) vt«tei/salt solution. 

■ In one embodiment of the invention, the alkali solution is added to the wastewater 
2 0 sludge in the ratk) of betweeni 200 and 5:200 parts alkaD solution to parte wastewater 
sludse. Piefieiabiy, the ^(aBsoIufon is added to the wastewater sludge m 
3200. These amounte are sufficient to see good bacterial kril in the final concrete 
nrnxtuiB. 

25 In sotother embodiment of Ihe Inmenfon, 9ie wastewater sludge, cement and 
aggregate are mixed in a ratk> of 1:1:6 by weight to form the concrete wax. This is 
seen as a particulariy efRdent mix and will provkle a robust concrete product suitable 
fbrmostuses. . 

30 In a further embodiment of flte invenGon. Ihe blended concrete mix is sealed in a 
heavy duty plastic container. This will furtfier prevent any leaching of the concrete and 
wiD minirrase the risk of contamination to tiie environnrent from any harmful products 
renrraln'mg In the wsstewater sludge and the concrete. 
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In one embodiment of ttie invention, there is provided a concrete product made in 
aocoidance vilith the mettiod as descrOsed above. By having such a product, an 
Btexpensive conoete product is provkted, whSe also (uoviding an afterriiatfve way of 
deposing of the wastewater sludge In a more environmentany friendly and cost 
5 efficient manner. 

In another embodiment of the Invention, the wastewater sludge comprises between 
8% and 55% of flie concrete mixture. In one embodiment the wastewater sludge 
comprfees between 8% and 40% of frie concrete rrixlure. In a further embodiment the 

10 v^rastewater sludge comprises between 8% and 25% of the concrete mixture. 
Aitemafively, 9ie w^tewater ^udge may comprise between 11% and 14% of the 
concrete mixture. Preferably, Vne wastewater sludge will comprise 12% by weight of 
tfie concrete mixture. . This allows for a large quantity of vrastewater sludge to be 
kicorporated into the concrete, while stfll mainte'ming sdl the strength properties 

15 ■ necessary forfhe concrete to be used in oonstrucfion. 

in another enA}od'Dnent of ttie invention there is provided a method of using 
wastewater sludge in the production of concrete In which the peroertage of liquid 
content of fhs wastewater ^udge s between ^% and 97% and the percentage of 
20 solid matter in the wastewater sludge is between 3% and 50%. In this way a large 
amount of flie liquid required for the manufacture of the concrete may be taken from 
the wastewater sludge. This is a useful way of using up the water content of the 
wasitevvater S&j({ge and avDidang aileinative expensi^ 

from the sludge. Preferably the percentege of Bquid content in the sludge is between 
25 80 and 97%. 

bi a further embodihnent of the Invention there {s provided a method of using 
wastewater ^udge in the production of concrete in v^ich the alkaline solution is nvxed 
with the wastewater sludge so that a wastewater sludge and alkaline solutiori mbdure 
30 having a pH equal to or greater than 12 is achieved. In one-embodiment, sufficient 
alka&ne s(Aition is added to achieve a wastewater sfudge and alkalme sotutto 
having a pH equal to or in excess of 12.5. This will ensure that a sufficient degree of 
the hazardous materials contained in the wastewater ^udge will be neutralised prior to 
the conorete mixture t>eing formed. These hazardous materials can be neutrafised in a 
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qu!d( and efiident manner that can be aocurateiy estimated. 

Petaited Descrtptton of tfte Invention 

5 The invention wiB now be more clearly understood from tiie following description of 
some embodiments thereof, given by way of example only, with refierence to the 
acoampan^tt^ drawing &i which there Is ^own a diagranvna^ lustration of one fonm 
of suitable apparatus that nay be used for canying out the method of the invention. 

1 0 Wastewater sludge is fed from a container 1 to a mi>dng true* 2 by way of a conveyor 
3. The conveyor 3 has load cells (not shown) connected thereto to carefully monitor 
the anrtount of wsetewat^ b^ng delivered to ttie nrnang inick 2. The wastewater is 
placed in a paddle rnixer 4 of tiie mixing truck 2 wherein it is blended witii an alkali 
solution. Once the wastewater and alteli solution have been mixed sufficientiy, a 

15 pump 5 on the mixing tmck 2 is actuated to pump the wastewater and alkali mixture- 
through a flenbfe hose pfpe S to a nuxing (bum 7 of a nearby cortonete nrnsdng truck 8. 
The nniTdng drum 7 has already oontaiiied therein a ttioroughly blended mixture of 
cement and aggregate. Once tiie alkali solution and the wastewater have been added 
to the mijdng dmm 7 containing the ^gn^te and cement, the nriixmg drum 7 is 

2 0 rotated, thereby blending ttie materials contained therein to forni a concrete mixture. 

ITie relative amounts of wastewater sludge, cement and aggregate are detenrrtined, 
depending on the strengtti and curing tiriie requirements of the individual producing 
ttie concrete. The alkafi solution bfended wSh the wastewater sludge can be a 

2 5 concrete hardener such as that sold under ttie brand name Sika (RTA/I). The alkali will 
furttier act as a hardener assisting 'm tiie curing time of the concrete mix once the 
wastewater sludge and the dry nrtix have been blended togettier. The wastewater 
sludge will be stabiftsed in that heavy elements such as phosphorus are ptiystc^V 
stabilised wittiin the matrix of ttie concrete and the sludge will also be sterifised in that 

30 the bacteria, viruses or other Bving organisms normally preserit in the sludge vM be 
killed. 

In addition to ttre strong aBcaO, a bondbf^ agerrt such as fliose sold under ttie 
Registered Trade Marks EVOSnCK, ROIMAFIX. or Polyvinyl Acetate are furttier added 
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to the wastewater sludge to improve ttie pH value of flie concrete to be produced, 
whilst also improving the Ijonding. properties of each of the main components of the 
ccmaele. This conci^ mix may' then be used to ctsretiuct road ^e bam^ 
concrete verges, and the Oke. 

5 

A Hquid detergent such as those produced by JEYES (RTM). DETTOL (RTM) or 
FLASH (RTM) Is added to fhe ureoSdified concrete mix to ftatiier elimnrrate SBiy 
residual bactera present in the wastewater sludge. The Dquid detergent may be 
added to the concrete mix regardless of whether the alkali sut>stances have been 
10 added. The concrete may then be poured Into a heavy duty plastic conteiner and 
sealed ther^ to annxd any risk of GontEonlnatlon to the ^wironment by teectwtg of tlie 
concrete once it has been exposed to flie elementei 

Some es^mples of a concrete mixture produced in accordance with the invenfion will 
15 now t>e given. 

Example 1 

1 Kg of wastewater sludge is mixed with 0.3 Kg of bonding agent in a suiteble 
20 container. Once fhe bonding agent and wastewater sludge have been sufficiently 

n^eed together. 0.3 of concrete hainfener is added to tte nixhire and stirred in 

thoroughly to assist In the hardening process, as well as Wfflng any bacteria present in 
. thenuxture. Separately, 6 Kg of aggregate is mixed with 1 Kg of cement to form a dry 

mix. This dry mix is then mixed with the wastewater sludge, hardening agent and 
25 bomfirig agent and blerated together untS a OMicreteri^^ Thts doncrste 

mbcture may then be used for road construction or otiier suiteble purpose. 

A sample of concrete made in accordance vwSi the above raomple provided the 
foBowIng toxicify results for the main heavy metel oontaminatfon types, as shown in 
30 Table 1 bekjw. 
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Parameter 


Maoc. Value bi Sludge 


Nboc Value in Soil 


Valm Leached 

iiviii wvii««reu9 




20 


1 


0.176 mg/Kg 


Copper 


1000 


50 


0.846 mg/Kg 


Nickel 


300 


30 


0.96 mg/Kg 


Lead 


750 


50 


0.18 mg/l^ 


Zinc 


2500 


150 


0.95 nfig/f^ 


Mancury 


16 


1 


<0.025 nf>g/Kg 


Chromium 




3.5kg/ha/yr 


1.66 mg/Kg 



TABLE 1 



5 Furthemtore, various cube strength tests on random samples of the concrete were 
1ai«en after hardening for 28 days. The nneasuied strengths ranged from 3.0 to 6.0 
IM/mm* with an average of 4.5 N/hwr?. It wfll be understood that by havir^ more 
concrete contained within the mix, the average cube strength test results of 7 or 8 
N/mrn? were afttaaiable. - This provides an segregate impact vaJue of less than 25% 
10 which is sufficient for use as heavy duly concrete floor finishes in most Jurisdictions. 
Furthennore, ttie 10% fines value in exo^s of 130 KN is also ea^ attainable witti 
careful selection of aggregate. 

15 

Five Etres of Sodium Alunrrinate, five Pitres of Potas^m Hydrosdde and five fitres of 
Potassium Caittonate are mixed together 'm a su^Ie mbdng vessel. One ton of 
sliKfge cake at 15 to 20% diy solids is added to the rfSaoad Sodium Ahiminate, 
PofassUim. Hydroxide and Potassium Carbonate solution and blended with some 

20 aggr^ate until a viscous liquid is fbmied. Five litres of bonding agent arul 5 to 10 
litres of water are then added, to tiie viscous liquid. Separately, six tons of aggregate is 
mi^ with of» ton of cenrent to form a dry nsx that has the £^regate and cement 
evenly rruxed throughout The bl^ded mixhire containing the sludge cake is then 
added to ttie dry mix for a period of t^tween five to ten nrdnutes to form a concrete 

25 nrdxture. The concrete iruxture is then ready to be poured. Sitrtilar inoddty results for 
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the main heavy metal contamination types as shown for the prefvious example in Table 
1 were achieved for the concrete mixture of Example 2. 

ft ^ envisagei Siatthe misdng of ttte oanent and ^gregate could be p^fonmed bi a 
5 standard concrete mixing tnjck or other such similar dewce. The sewage sludge could 
be added to the dry mix once any adcfitional hardening agents or bonding agents had 
been thoroughly mixed in with the sewage sludge. The hardening and bonding agents 
could be pre-mixed with tte sewage sludge fn a separate mixBig vessel before b^ng 
pumped into the concrete mixing trudt with the dry mix. It is envisaged fliat the 
1 0 hardening and bonding agents are mixed with the sewage sludge at between 500 and 
1000 revolutions per minute to thoroughly mix the components together. Additional 
water may be added to flie sewage sludge, rf necessary, prior to mixing with any 
hardening or bonding agents. 

15 It will be understood the aggregates used could be any one from a selection of 
cmshed grey wacke stone, kiln dried sand, normal sand, limestone, gravel, grit, 
crushed sandstone, crushed pencil, crushed shale, crushed seashells. crushed 
concrete, pulverised fuel ash, quicklime or any other suitable type of stone. Slag 
from steel processing which is the silicate waste from steel blast furnaces could 

20 also be used as one altemative aggregate material. Reinforcing materials such as 
glass fibre or sleel can be added as part of the aggregate to further 
strengthen the concrete. The aggregates used will largely depend on the desired 
characteristics of the concrete to be produced. The concrete produced in 
accordance with the Invention may itself be coished subsequent to setting and 

25 thereafter may be used as a fill material for road surfaces. 

The blended concrete rrilx could also be se^ed in a heavy duty plastic contamer to 
prevent any risk of hamnful materfeb laeing leached out of the concrete. As an 
aBemafive to a heavy duty plas^ cofilainer a fibreglass coaGrig or plaslk: coae^ 
30 be applied to concrete produced bi accordance vtfilh the method to add further 
protection and additional strength to the concrete 

In Ihfe speiaicaeon, flie term Tiaidening agenr Iras been used to defirie a substeTO 
that wiil.-reduce the time necessary for the concrete mixture to set A concrete bonding 
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agent is used to describe a substance that is used to enhance ttie coh^m of ttie 
individual ingredients, once mixed. In the examples described above it will be 
understood that various ingiecfienfs in the hardening agent act as stabllisfng and 
sanitrang components whereas vartous other bigredients act as hardening 
5 components. Potas^um Carisonate or Aluminium SSnate would as teidening 
components whereas Potassojm Hydroxide would act as a stabilising and sanitising 
Gonrqx>nenL Other alkaSnes that couM be siAslfeited for the Potessium Hydros 
include Sodhira Hydroxide, Calcium Hydroxide or Barium Hydroxkie or other siniilar 
sub^ano^. 

10 

In this speoficafion the tenns "comprise, comprises, oon^^r^ed and comprfeing" as weB 
as the temns "include, includes, induded and including" are deemed totally 
interchangeable and should be afforded the widest possible interpretation. 

15 The mvenHOTi is in no way fimitetl to Iftie enrdbodiment her^ntiefore described, but nray 
be varied in both constru(^on and detail vtrithin ttie scope of the ctelms. 
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1 . A metfiod of using wastewater sludge in the producfion of concrete compr^ing 
mbdng cement, aggrega(te and wastewa^ sludge to fbnn a concrete mix - 

5 diaracter^d in that- 

the additional step is canried out of mi)dng tine wastewater sludge witti 
an alkaline solution to achieve a wastewater sludge and alkaline 
solu6on n^Ktuie hai\Hng a pH equal to or in excess of 11.5. prior to 
10 nnixingwnth the aggregate and the cement 

2. A method of using v\»stewater sludge in the production of concrete as claimed 
in claim 1 , in which the alkaRne solution is a concrete hardener. 

15 3. A nffifftod of uismg wastewater sludge in the production of concrete as daimed 
in claim 1 or 2, in whtoh the alkaline solution has a pH of between 1 2.5 arKt 1 4. 

4. A mettiod of using wastewater sludge in the production of conorete as claimed 
in claim 3. in whk^ the alkaBne solution has a pH of between 1 3.5 and 14. 

20 

5. A method of using wastevt^r sludge in the production of concrete as chimed 
in any preceding daim, in whidi a bonding agent is added to the concrete mix. 

6. Aniethodof u^iigw^ftewatersiudgebtfheiModu^ 

25 in cteim 5. in whidi the bonding agent is cartjoxylated styrene butadiene alkaD. 

7. A mettrad of using wastewater sludge in the produdton of concrete as claimed 
in daim 5 or 6, in which the bonding agent has a pH level of between 8 and 1 1 . 

30 .8. A rn^hod of using wastewater sludge in the producSon of ooncrete as 

in any preceding daim. in which the wastewater sludge is in the form of dry 
sludge cake aiKi vyater added to the dry dudge cake, prior to the rrdMng of 
the sludge with tiie cement and the aggregate. 
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A method of using wastewater sludge In the production of concrete as claimed 
in any preceding daim. in which a polymer is added to the wastewater sludge. 

A method of us&ig wastetftiater sludge in the production of concrete as daimed 
In any pnaceding daim. in which the concrete Is stored for between 28 days 
and 6 nK)nths. 

A meffiod of usmg wastewater sludge in the productloh of concrete as claimed 
In any preceding claim, In. which the aggregate comprises one or more of 
wadKe stone, sand, sandstone, gravel. Undone, cmshed shale, crushed 
seasheils, pendl, quarried, kiln dried sand, grit, pulverised fuel ash, quicklime 
and recycled cmshed concrete. 

A method of using wastewater sludge in the production of concrete as claimed 
In any of dalms 1 to 10 In v\^ich the aggregate comprises limestone. 

A n^lhod of uang w^t^water sUidge in the production of concrete as claimed 
in any of claims 1 to 10 in v\^k:h addifional cement is used instead of aggregate 
in tte concrete mixture. 

A method of u^ng wastewater sludge in the production of concrete as daimed 
In any preceding daim, in whfeh a detergent is added to the concrete mix prior 
to curing. 

A meOiod of u^^ wastewater ^dge in the producSon of concrete ^ datmed 
in any preceding daim, in whteh the. alkali solution added to the wastewater 
sludge is SIka. 

A method of usffig vuasleuuater sludge in the productton of concrete as claimed 
in any of dalms 1 to 14 in whtoh the alkafi solutfon comprises a electrically 
chafed Oonised) water/salt solution. 

A method of using wastewater sludge in ttie production of concrete as claimed 
in ai^ pi«»dDig daSm, in vAwch ffte alkali sotuSon is added to the wastefwater 
sludge in the ratio of between 1:200 and 5200 parts alkaG solution to parts 
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wastewater sludge. 

18. A metlKxi of using wastewater s^e in the producSoin of Gonc^ 

in daim 1 7, in which the alkafl solution is added to the wastewater sludge in the 
5 ratio of 3:200. 

19. A method of using wastewater sludge in the prbduc^on of co^ 

in any preceding daim, in which the wastewater sludge, cement and aggregate 
are mixed in a ratio of 1 :1 :6 by weight to fomn the concrete mix. 

10 

20. A mettrod of using wastewater sfudge in the producSon of concrete as dasned 
in any preceding daim, in which the blended concrete mix Is sealed in a heavy 
duty plastic container. 

15 21. A method of using wastewater sludge in the production of concrete as claimed 
In any preceding daim, in which the wastewater sludge comprises between 8% 
and 55% of the conoete mbcture. 

22. A mettwd <rf usmg wastewater sludge in the production of concrete as claimed 
20 in claim 21 in which the wastewater sludge comprises between 8% and 40% of 

the concrete nnxture. 

23. A method of using wastewater sludge in the producfion of concrete as claimed 
in daim 21 or 22 in which the wastewater sludge comprises between 8% and 

25 25% of the concrete nrMXlure. 

24. AmefliodofusingwaslCTralersludgelnlheprckJucfionofc^ 

In any of claims 21 to 23, in which the wastewater sludge comprises between 
11% and 14% of the concrete mixture. 



25. A m^TOd of usSrig wastewater sludge In the pnxftK«on of concrete as c 

in any of claims 21 to 24, in which the wastewater sludge comprises 12% of the 
cono^e nwClure. 
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26. A method of using wastSM^ter sludge In the production of concrete as daimed 
In any preceding claim in which the percentage of liquid content of the 
v^aslewater ^dge is between 50% and 97% and the percentage of solid 
matter m the wastewater sludge is Ijetween 3% and 50%. 

5 

27. A method of using wastewater sludge In the production of concrete as claimed 
in daan 26 in which the percentage of Bquid content of tfie wastewater sludge 
s between 80% and 97%. 

10 28. A method of using wastewater sludge in the production of conCTete ^ ctelmed 
in any preceding daim in which the wastewater sludge and all^rtne solution 
mixture has a pH equal to or in excess of 1 2. 

29. A metiiod of using wastewater sludge In the production of concrete as daimed 
15 In any preceding daim In which the wastewater sludge and alkaline sdution 

has a equEd to or in e)a»ss of 12^5. 

30. A concrete product made In accordance with the nniethod steps of any of clalnns 
1tD29. 
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